for the INTERRSeCT Study Investigators IMPORTANCE Recanalization of intracranial thrombus is associated with improved clinical outcome in patients with acute ischemic stroke. The association of intravenous alteplase treatment and thrombus characteristics with recanalization over time is important for stroke triage and future trial design. OBJECTIVE To examine recanalization over time across a range of intracranial thrombus occlusion sites and clinical and imaging characteristics in patients with ischemic stroke treated with intravenous alteplase or not treated with alteplase.
T wo treatments are now considered standard of care in acute ischemic stroke management: intravenous alteplase administered within 4.5 hours after symptom onset and endovascular therapy initiated within 6 hours of symptom onset. [1] [2] [3] Both treatments aim to achieve early recanalization of an occluded intracranial artery. The magnitude of benefit of both treatments is directly related to the speed at which recanalization is achieved. [4] [5] [6] However, the benefit of intravenous alteplase does not depend on demonstration of an arterial occlusion. Because patients with visible intracranial occlusion on imaging may be candidates for both intravenous alteplase and endovascular therapy, understanding when intravenous alteplase achieves recanalization in patients with visible intracranial occlusions could be useful in determining whether intravenous alteplase alone is sufficient treatment or if the patient should be transported to a comprehensive stroke center for endovascular therapy.
To date, studies examining recanalization with intravenous alteplase have been constrained by technology limitations (such as temporal bone attenuation precluding transcranial Doppler assessment of elderly patients), small sample size, retrospective design, and late assessments of recanalization (24-hour magnetic resonance angiography [MRA] or computed tomography angiography [CTA] ). [7] [8] [9] [10] [11] [12] Results from randomized clinical trials are not fully generalizable, given the strict trial inclusion criteria. 12-14 A recent systematic review recommended that detailed studies are needed to help physicians better predict recanalization with intravenous alteplase.
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The Identifying New Approaches to Optimize Thrombus Characterization for Predicting Early Recanalization and Reperfusion With IV Alteplase and Other Treatments Using Serial CT Angiography study (INTERRSeCT) was a multicenter prospective cohort study that enrolled patients with acute ischemic stroke with intracranial thrombi documented via CTA. The study included patients with acute ischemic stroke and a wide range of clinical presentations, occlusion sites, and thrombus characteristics to identify clinical and imaging variables associated with recanalization with or without intravenous alteplase treatment.
Methods

Study Design and Inclusion Criteria
Local medical ethics committees approved the study. Once a physician identified an eligible patient, written informed consent was provided by the patient or a surrogate. This multicenter prospective cohort study enrolled patients with acute ischemic stroke with visible intracranial occlusion on baseline CTA. The study was conducted at 12 centers (in Canada, South Korea, Spain, the Czech Republic, and Turkey). First enrollment was in March 2010 and final follow-up occurred in March 2016.
Patient eligibility included the following: presentation to the emergency department with symptoms consistent with ischemic stroke 12 hours from last known well, age at least 40 years, and a baseline CTA (before alteplase bolus, if given) with evidence of a symptomatic intracranial thrombus (ie, internal carotid artery [ICA] , middle cerebral artery [MCA] , anterior cerebral artery, or posterior cerebral artery). Patients with primary vertebrobasilar artery occlusions were excluded from the study. Patients were also excluded if they had renal impairment (estimated creatinine clearance <60 mL/min); contrast allergy; hypoglycemia (serum glucose <36 mg/dL); or were unlikely to participate in follow-up.
Information collected at baseline included age; sex; baseline National Institutes of Health Stroke Scale score (NIHSS; score ranges from 0-42 with higher scores indicating greater stroke severity); history of hypertension, dyslipidemia, diabetes, smoking, atrial fibrillation, previous stroke/transient ischemic attack (TIA), or coronary artery disease; anticoagulation use; time from last seen well; baseline vital signs; serum glucose level; complete blood cell count; serum creatinine level; international normalized ratio; partial thromboplastin time; and total cholesterol levels. Interval times from symptom onset to presentation in the emergency department, imaging, alteplase bolus, and start of endovascular procedure were also collected.
All patients underwent a head and neck CTA at baseline. Sites were requested to repeat head CTA at 4 (±2) hours after initial CTA unless conventional cerebral angiography was performed within that time frame for diagnostic or neurointerventional purposes. An imaging expert blinded to all clinical information read all images using OsiriX version 3.5. Location of intracranial thrombus was identified on baseline CTA (ICA, proximal M1, distal M1, M2, M3, anterior cerebral artery, or posterior cerebral artery; eFigure 1 in the Supplement).
projections preferred) as follows: grade 0, no contrast permeation of thrombus; grade 1, contrast permeating diffusely through thrombus; and grade 2, tiny hairline lumen or streak of well-defined contrast within the thrombus extending either through its entire length or part of the thrombus.
Recanalization of intracranial thrombus was assessed using the revised arterial occlusion scale (rAOL) scale on repeat CTA of the head or on first angiographic acquisition of the affected intracranial circulation for endovascular therapy (eTable 1intheSupplement; modified from the arterial occlusive lesion score). 13, 14, 19 The primary outcome was successful recanalization as defined as rAOL score of 2b or 3 on repeat CTA or conventional cerebral angiogram obtained within 6 hours of initial CTA. The rAOL is scored as follows: 0, primary occlusive thrombus remains same; 1, debulking of proximal part of the thrombus but without any recanalization; 2a, partial or complete recanalization of the primary thrombus with occlusion in major distal vascular branch; 2b, partial or complete recanalization of the primary thrombus with occlusion in minor distal vascular branch, or partial recanalization of the primary thrombus with no thrombus in the vascular tree at or beyond the primary occlusive thrombus; and 3, complete recanalization of the primary occlusive thrombus with no clot in the vascular tree beyond.
Statistical Analyses
Data were assessed for normality using the Shapiro-Wilk test. The association between baseline clinical variables, biochemical parameters, intracranial thrombus imaging characteristics, and acute stroke workflow interval times and the primary outcome (successful recanalization) was assessed using the Wilcoxon rank sum test for nonparametric data and Fisher exact test of proportions for categorical data separately for patients who received intravenous alteplase and patients who did not receive alteplase. The distribution of rAOL score and of time from baseline CTA and intravenous alteplase start to recanalization assessment were plotted. Only variables both statistically associated in bivariable tests with the primary outcome (at P < .05) and deemed clinically relevant were included in multivariable models that assessed variables associated with recanalization both with and without intravenous alteplase (primary analyses). Separate logistic regression models were built for alteplase-treated and untreated patients. Because site of intracranial occlusion and clot burden score both measure extent of thrombus, these 2 variables were not included in the same model. No interaction terms were included in modeling. At each step of multivariable modeling, backward elimination of variables not statistically significant was used to reach to a final parsimonious model. Adjusted recanalization prevalence over time from the start of intravenous alteplase, stratified by presence or absence of residual flow, was plotted using data from the final logistic regression model derived above that included site of intracranial occlusion as an independent variable instead of the clot burden score. To plot adjusted recanalization prevalence over time from the start of intravenous alteplase to recanalization assessment for each individual intracranial occlusion site, separate logistic regression models for each location of intracranial occlusion site were constructed (secondary analyses). The marginsplot module from Stata was used to generate these plots. Results were reported as odds ratios (ORs) with 95% CIs.
Because missing data for variables included in multivariable modeling were minimal, no imputation technique was used. In post hoc analyses, patient's geographic region, namely North America (reference) vs Europe and East Asia, respectively, was included as an additional independent variable to analyze any region-specific effects on results. Two-sided P < .05 was considered statistically significant. Secondary analyses were considered exploratory since thresholds for statistical significance were not adjusted for multiple comparisons. All analyses were performed using Stata/MP 14.2 software (StataCorp LP).
Results
After we excluded 17 patients with vertebrobasilar occlusions, 39 patients with baseline CTA to follow-up CTA time longer than 360 minutes, and 5 patients who received intravenous alteplase at a different hospital before being transferred to the enrolling site (all protocol violations), 575 patients were included. These patients were a median age of 72 years (IQR, 63-80 years); 51.5% men; had a median baseline NIHSS score of 14 (IQR, (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) ; and their median time last known well to baseline CTA was 114 minutes (IQR, . Less than 5% of data were missing for all variables ( (OR, 7.03 [95% CI, ]) (all P < .01) ( Table 2) .
When site of intracranial occlusion was replaced with clot burden score categories, the results were similar (Table 2) . Results were similar even after accounting for variance by region (North America, Europe, or East Asia) (eTable 3 in the Supplement). None of the other baseline clinical or imaging variables were associated with recanalization (rAOL score 2b or 3) ( Table 1 and Table 2 ). Estimated successful recanalization over time from intravenous alteplase start to recanalization assessment stratified by presence or absence of residual flow is shown in Figure 2 . In multivariable analysis assessing variables associated with recanalization without intravenous alteplase (adjusted recanalization prevalence, 6.7% [95% CI, 1.6%-61%]), only male sex was significantly associated with recanalization (eTable 4 in the Supplement).
Among patients treated with intravenous alteplase, separate logistic regression models for each individual site of occlusion are shown in eTable 5 in the Supplement. Time from start of intravenous alteplase to recanalization assessment and presence of residual flow (grade 1 and 2) were associated with successful recanalization (rAOL score 2b or 3) in patients with proximal segment MCA (n = 111), distal M1 segment MCA (n = 84), and M2 segment (n = 143) thrombus. Time from start
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Imaging
Baseline ASPECTS on NCCT, median (IQR) (n = 540) c 9 (7-10) 9 (8-10) 9 (7-9) .10 9 (8-10) 9 (7-10) . of intravenous alteplase but not residual flow was associated with recanalization in patients with intracranial ICA thrombus (n = 92). Neither of these variables was associated with recanalization with intravenous alteplase in patients with distal (M3 MCA, anterior cerebral artery, posterior cerebral artery) thrombus (n = 40). Cumulative estimated recanalization over time from start of intravenous alteplase to recanalization assessment stratified by presence or absence of residual flow are shown in Figure 3 for all occlusion sites except distal occlusions (M3 MCA, anterior cerebral artery, posterior cerebral artery) (Figure 3 ). Because residual flow was not associated with recanalization in patients with intracranial ICA thrombus, cumulative estimated recanalization over time from start of intravenous alteplase to recanalization assessment is shown in Figure 3 for this site of occlusion.
Discussion
In this study involving patients with acute ischemic stroke and visible intracranial thrombus on CTA, successful recanalization occurred in 27% of patients overall, including 30% among patients who received intravenous alteplase and 13% among patients who did not receive intravenous alteplase. Among patients who received intravenous alteplase, more distal thrombus location, lower thrombus extent, increased thrombus permeability, and longer time to recanalization assessment were associated with successful recanalization. Among patients not receiving intravenous alteplase, the rate of recanalization was low with only male sex being associated with recanalization. Patients with intracranial ICA thrombi receiving intravenous alteplase also had low rates of recanalization.
The results of this study suggest that recanalization with intravenous alteplase is a continuous process over time. The degree of alteplase recanalization in this study is consistent with prior transcranial Doppler ultrasonography, CTA, and MRA studies that evaluated either early (<2 hour) or late (24-hour) time points. 10, 20, 21 With a plasma half-life of 6 to 7 minutes, alteplase is not likely to be biologically active at 6 hours following administration. 22 However, it is possible that the early thrombus debulking effects of alteplase translate to less overall thrombus, allowing endogenous tissue plasminogen activator to complete the remaining lysis required. A prior study using thin-section noncontrast CT demonstrated this early partial debulking effect with thrombus volume reduction in 80% of alteplase-treated patients but complete lysis in only 9.4%.
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These data are relevant to deciding whether to transport patients with stroke to a tertiary stroke center for advanced care in the endovascular therapy era. When transport times are several hours longer to a comprehensive stroke center compared with a primary stroke center, evaluation at a primary stroke center for initial treatment with intravenous alteplase is likely the better option based on reasonable recanalization rates with alteplase over several hours.
There is also a clear need to predict with clinical and imaging criteria which patients are most suitable for transfer to a comprehensive stroke center for endovascular therapy vs who can remain at the primary stroke center. Reasons for futile transfer a Recanalization of intracranial thrombus with intravenous alteplase or not was assessed using the rAOL (revised arterial occlusive lesion) score on repeat head CTA or on first angiographic acquisition of the affected intracranial circulation. Successful recanalization was defined as an rAOL score of 2b or 3. The rAOL score is described in detail in the Methods and eTable 1 in the Supplement.
b NIHSS score ranges from 0-42, with higher scores indicating greater stroke severity.
c ASPECTS (Alberta Stroke Program Early Computed Tomography Score) measures extent of early ischemic change in the MCA territory on a 0-10 scale.
Higher scores indicate smaller extent of early ischemic changes.
d Residual flow grade is assessed on CTA source images (3-mm maximum intensity projections preferred) as follows: grade 0, no contrast permeation of thrombus; grade 1, contrast permeating diffusely through thrombus; and grade 2, tiny hairline lumen or streak of well-defined contrast within the thrombus extending either through its entire length or part of the thrombus.
e Clot burden score is an ordinal score that measures extent of thrombus within the anterior circulation vessels. A score of 0 implies complete occlusion of the ipsilateral anterior circulation vessels; 10 implies no occlusion.
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to a comprehensive stroke center include recanalization and clinical improvement by the time the patient arrives at the comprehensive stroke center and infarct growth during patient transfer. 24, 25 Patients with factors associated with thrombus responsiveness to alteplase (eg, thrombus permeability) may not require transfer because they will recanalize with intravenous alteplase. These results show that permeable thrombi as assessed using CTA residual flow grade are much more likely to recanalize early with intravenous alteplase (Figure 2 and Figure 3 ). Recanalization with intravenous alteplase within 2 hours of treatment in this study approaches outcomes achieved with modern endovascular treatment in patients with permeable distal M1 MCA thrombus (Figure 3 ). Anticipated treatment effect of any new thrombolytic or ancillary reperfusion therapy will be influenced by thrombus occlusion site and timing of recanalization end point. A recent trial that compared intravenous tenecteplase with alteplase in patients with proximal vessel occlusions reported recanalization rates within an hour of alteplase administration (10%) that are similar to the rates reported in this analysis (13%).
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Thrombus properties such as permeability are also likely to influence the effect of novel reperfusion therapies. Intracranial thrombi permeable to blood flow (residual flow grade 1 or 2) have more surface area exposed to thrombolytic enzyme binding and therefore may be ideal to evaluate with a Recanalization of intracranial thrombus with intravenous alteplase or not was assessed using the rAOL (revised arterial occlusive lesion) score on repeat head CTA or on first angiographic acquisition of the affected intracranial circulation. Successful recanalization was defined as an rAOL score of 2b or 3. The rAOL score is described in detail in the Methods and eTable 1 in the Supplement.
b Models 1 and 2 are similar except for the variables of site of intracranial occlusion at baseline and clot burden score. These variables both measure thrombus extent and therefore were not included in the same model. Other variables included in multivariable modeling included baseline NIHSS, residual flow grade, and time from intravenous alteplase start to recanalization assessment. Only variables with P < .05 are reported in models above.
c Clot burden score of 0 implies complete occlusion of the ipsilateral anterior circulation vessels; a score of 10 implies no occlusion.
d Residual flow grade is assessed on CTA source images (3-mm maximum intensity projections preferred) as follows: grade 0, no contrast permeation of thrombus; grade 1, contrast permeating diffusely through thrombus; and grade 2, tiny hairline lumen or streak of well-defined contrast within the thrombus extending either through its entire length or part of the thrombus. Table 2 with residual flow categorized as yes (grade 1 and 2; n = 93) vs no (grade 0; n = 377). The shaded areas indicate 95% CIs. Recanalization of intracranial thrombus with intravenous alteplase was assessed using the revised arterial occlusive lesion (rAOL) score on repeat computed tomographic angiography (CTA) of the head or on first angiographic acquisition of the affected intracranial circulation. Successful recanalization was defined as an rAOL score of 2b or 3. The rAOL score is described in detail in the Methods section and in eTable 1 in the Supplement.
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ancillary drug therapies such as argatroban or eptifibitide.
27,28
Nonpermeable thrombi recanalize more slowly and less commonly and may require mechanical means to disrupt the thrombus and increase surface area for enzymatic access with therapies such as ultrasound. 29 Clinical trial design of novel thrombolytic or ancillary reperfusion treatments might therefore be optimized using the expected recanalization prevalence data from this study.
Limitations
This study has several limitations. First, assessing recanalization status using 2 different imaging modalities (CTA and conventional angiography) is a practical limitation, but given that both tools are "luminal contrast studies," differences in grading are minimal. Second, patients with proximal intracranial thrombus were more likely to have been reimaged earlier (on first angiographic acquisition of the affected intracranial circulation during endovascular therapy). However, a mixture of comprehensive stroke centers (some with limited access to endovascular therapy) and primary stroke centers as enrolling sites resulted in these data having a range of recanalization assessment times across all occlusion sites, clot burden scores, and residual flow grades (eFigures 2, 3, 4, and 5 in the Supplement). Moreover, recanalization time curves are reported for each occlusion site using data specific to that site of occlusion (Figure 3 ). Third, a screening log was not maintained and therefore the total number of patients eligible for intravenous alteplase Results are derived from individual logistic regression models, each derived from data for that site of intracranial occlusion. The shaded areas indicate 95% CIs. Residual flow is categorized as yes (grade 1 and 2) vs no (grade 0). The numbers of patients are as follows: internal carotid artery, total n = 92; proximal M1 middle cerebral artery (MCA), total n = 111 (residual flow yes = 28, no = 83); distal M1 MCA total n = 84 (residual flow yes = 29, no = 55); and M2 MCA total n = 143 (residual flow yes = 22, no = 121). Presence or absence of residual flow was not associated with recanalization prevalence in patients with intracranial internal carotid artery segment occlusion. Graphs for distal locations (M3 MCA, anterior cerebral artery, and posterior cerebral artery) are not shown because neither residual flow nor time from the start of alteplase to recanalization assessment was significantly associated with recanalization prevalence in that statistical model. Statistical models for each individual site of occlusion are in the Supplement.
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Clinical and Imaging Characteristics Associated With Thrombus Recanalization in Ischemic Stroke who had identified intracranial occlusions on CTA is not known. Fourth, small sample size limits the ability to comment on variables associated with alteplase recanalization in patients with distal (M3 MCA, anterior cerebral artery, posterior cerebral artery) occlusions. However, patients with these intracranial occlusions are often not candidates for endovascular therapy. Small sample size also results in wider confidence intervals around the estimates of recanalization in patients with permeable intracranial thrombus (ie, with residual flow). Fifth, detailed quantitative measurements of intracranial thrombus such as length, volume, surface area, or permeability were not performed. These techniques are still being developed, especially for more distal and branched thrombi. Sixth, collateral status on CTA is difficult to measure in patients with M2 MCA segment or more distal thrombi, especially with single-phase CTA; this variable was therefore not included in analysis. 30 Seventh, the duration of data accrual was long and occurred during a time of important advances in the care of patients with ischemic stroke. Eighth, the generalizability of these findings to other settings with different capabilities for acute imaging and stroke care is unknown. Ninth, clinical outcomes data, such as whether the factors related to thrombus recanalization are associated with clinical outcomes, including mortality or functional status, are not reported in the present analysis.
Conclusions
Among patients with acute ischemic stroke, more distal thrombus location, greater thrombus permeability, and longer time to recanalization assessment were associated with recanalization of arterial occlusion after administration of intravenous alteplase, whereas among patients who did not receive alteplase, rates of arterial recanalization were low. These findings may help inform treatment and triage decisions in patients with acute ischemic stroke.
Conflict of Interest Disclosures:
All authors have completed and submitted the ICMJE Form for Disclosure of Potential Conflicts of Interest. Dr Coutts reported that Boehringer Ingelheim reimburses sites for the study drug provided in her TEMPO-2 clinical trial. Dr Demchuk reported receiving honoraria for CME events from Medtronic. Dr Goyal reported that funding for the HERMES collaboration was provided by Medtronic as an unrestricted research grant to the University of Calgary; reported receiving consulting fees from Medtronic, Stryker, and Microvention; and reported holding a patent on a system of acute stroke diagnosis licensed to GE Healthcare. Dr Hill reported receiving payment for serving as a stroke outcome event adjudicator for a panel of clinical trials by Merck; receiving study drug as in-kind support for the TEMPO-1 trial from Hoffmann-La Roche Canada Ltd; grants to his institution (University of Calgary) for clinical trials from Covidien (Medtronic), Boehringer Ingelheim, Stryker, and Medtronic; reported holding a patent on a system and method for assisting in decision making and triaging for acute stroke patients (US patent 62/086,077); reported owning stock in Calgary Scientific Incorporated, a company that focuses on medical imaging software; is a director of the Canadian Federation of Neurological Sciences, a not-for-profit group; and has received grant support from Alberta Innovates Health Solutions, CIHR, Heart & Stroke Foundation of Canada, and the National Institutes of Neurological Disorders and Stroke. Dr Menon reported holding a patent on a system and method for assisting in decision making and triaging for acute stroke patients. Dr Poppe reported receiving honoraria for speaking from Medtronic and serving on the advisory board for Bayer and Bristol-Myers Squibb/ Pfizer. No other disclosures were reported. eFigure 2. Time from intravenous alteplase start or from baseline CTA to recanalization assessment in the different treatment groups in the study, namely intravenous alteplase only, endovascular thrombectomy only, intravenous alteplase + endovascular thrombectomy and conservative treatment.
Funding
eFigure 6a. The revised Arterial Occlusive Lesion (rAOL) score assessing recanalization with intravenous alteplase stratified by site of occlusion on baseline CT angiography.
The rAOL score categories are 0: Primary occlusive thrombus remains same. 1: Debulking of proximal part of the thrombus but without any recanalization. 2a: Partial or complete recanalization of the primary thrombus with occlusion in major distal vascular branch. 2b: Partial or complete recanalization of the primary thrombus with occlusion in minor distal vascular branch, or partial recanalization of the primary thrombus with no thrombus in the vascular tree at or beyond the primary occlusive thrombus. 3: Complete recanalization of the primary occlusive thrombus with no clot in the vascular tree beyond. 
